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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a color image 
conversion device, capable of converting high accuracy 
from a color image to an image under a prescribed light 
source. 

SOLUTION: In this conversion device, an initial light 
source color extractor 1 1 extracts a pixel having the 
highest possibility of being a light source color from the 
original image as an initial light source color. A calculator 
12 of Lagrange undefined multiplier method deviates a 
conversion parameter for minimizing an evaluation 
factor, in the case of applying initial light source color 
and the light source color of a prescribed light source to 
a color adoption model of vision, an original image 
converter 1 3 converts from the original image to an 
image under the prescribed light source, based on the 
conversion parameter. 
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*' NOTICES* . ' 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely, 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The color-picture inverter characterized by to have an image-transformation means 
change said input color picture with the chromatic-adaptation model determined based on this 
model parameter as a chromatic-adaptation model parameter calculation means compute the 
model parameter of the chromatic-adaptation model expressed as a visual determinant based on 
an initial self-luminous-color extract means extract the self-luminous color from an input color 
picture as an initial extract color, and the self-luminous color in the predetermined light source 
inputted as this initial extract color. 

[Claim 2] The color picture inverter according to claim 1 which has an extract color composition 
means to search the light source which makes said extract color extracted with said initial self- 
luminous color extract means, and the nearest color the self-luminous color from the 
predetermined light source, to make the self-luminous color in the this searched light source 
said initial extract color, and to output to said chromatic adaptation model parameter calculation 
means. 

[Claim 3] The color-picture inverter according to claim 2 which has a judgment color creation 
means create a judgment color by the inverse matrix of the chromatic adaptation model created 
based on said model parameter computed with said chromatic adaptation model parameter 
calculation means, will permute said judgment color by said initial extract color if the difference 
of said judgment color and said initial extract color is beyond a predetermined value, and is 
outputted to said extract color composition means. 

[Claim 4] Color retrieval with said extract color composition means is a color picture inverter 
according to claim 2 which uses the light source principal component data obtained by carrying 
out principal component analysis of the spectral-distribution data in two or more light sources. 
[Claim 5] Said chromatic adaptation model parameter calculation means is a color picture 
inverter according to claim 1 which computes a parameter so that the error of said model 
parameter may serve as min. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is concerned with the field of color picture processing, and 
relates to the equipment which changes a color picture into the thing under the predetermined 
light source. 
[0002] 

[Description of the Prior Art] It became possible now to access the huge image data 
accumulated in the web server of every corner of the earth with high-performance-izing of a 
personal computer and rapid progress of the Internet in recent years, and to appreciate it at a 
house. Many [ what it is free and can be used into them ] Moreover, if now it is also everyday to 
use a color picture, incorporating from peripheral devices, such as a digital camera which showed 
spread remarkable in recent years, and a scanner, and it considers that a color printer is 
spreading not only through office but through ordinary homes quickly, it will be expected that the 
needs which carry out the printed output of the color picture will increase further from now on. 
[0003] The software called the photo retouch software for performing desired conversion 
adjustment to a color picture etc. with progress of such needs is also large, and common, such 
software — the red (R) of a color picture — green, raising the brightness of the whole image 
uniformly or lowering **** — etc. — it can adjust. [ it being sufficient in slight strength and 
weakening each component of (G) and blue (B) ] It becomes possible by using this to correct an 
image to the environmental condition (for it to be [ too bright / dark / it ] too dark **) and 
device for example, at the time of photography subsequently without what the peculiarity (** 
which requires redness, and which requires blueness) of a proper etc. is anew retaken for (it 
rescans). This can be said to be being the big advantage brought about by digitization of an 
image. 
[0004] 

[Problem(s) to be Solved by the Invention] And I advance further the advantage that subsequent 
correction is possible, and think that the object included to the original color picture can produce 
the big added value over use of a color picture if it is convertible for the scene photoed under 
the light source of a certain request as it is. If it can appreciate after changing into an image as 
if it as if actually photoed important cultural properties which can be got blocked, for example, 
can come to hand through a web environment etc., such as a TSUTAN car noodle image and 
Mona Lisa's portrait, under the light source to the color picture used as the object, for example, 
in spite of being unable to touch only an important cultural property by any means in fact, in the 
point that such a thing becomes possible, it can ** with it being big added value. When 
combination described previously, such as strength of R [ in the existing photo retouch 
software ], G, and B each color and adjustment of brightness, tends to realize this, triahand- 
error by advanced sensuous actuation are needed. It is just going to desire to be able to carry 
out by automatic processing in which the predetermined light source is specified. 
[0005] By JP.1 1-283025.A, by comparing color distribution of the beige part contained in the 
original color picture with the beige distribution photoed under the known light source, the light 
source of the original color picture is presumed and the technique of changing into the thing 
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under the predetermined light source the color of the whole image which also includes the pixel 
of the beige part of the original color picture on parts other than flesh color on it is indicated. 
However, it is premise ****** about judging the light source based on color distribution of the 
beige part in the original color picture, and the beige part surely being contained in the original 
color picture with this technique. Therefore, although it operates good to an image like a flesh 
and blood person image, it is thought that it cannot operate correctly to a previous TSUTAN car 
noodle or an image like Mona Lisa. 

[0006] Paying attention to the above trouble, this invention offers the color picture inverter 
which can perform conversion in the image under the predetermined light source in a high 
precision to a color picture. 
[0007] 

[Means for Solving the Problem] This invention has an image-transformation means change said 
input color picture, based on an initial self-luminous-color extract means extract the self- 
luminous color from an input color picture as an initial extract color, and the self-luminous color 
in the predetermined light source inputted as this initial extract color with a chromatic- 
adaptation model parameter calculation means compute the model parameter of the chromatic- 
adaptation model expressed as a visual determinant, and the chromatic-adaptation model 
created based on this model parameter. 

[0008] Therefore, the highest pixel of possibility of being the self-luminous color is extracted 
from s former image, it considers as the initial self-luminous color, a conversion parameter with 
which the performance index at the time of applying this initial self-luminous color and the 
predetermined light source self-luminous color to a visual chromatic adaptation model becomes 
min is drawn, and a former image is changed into the thing under the predetermined light source 
based on this conversion parameter. 
[0009] 

[Embodiment of the Invention] The block diagram of the color picture inverter of the gestalt of 
the first operation is shown in drawin g 1 . In addition, this inverter may constitute some 
computers. The color picture inverter of the gestalt of the first operation expresses a color 
picture by the XYZ color system, changes into the thing under the predetermined light source 
the color picture (it is called a former image from this) 15 which stored in memory each pixel 
which constitutes this color picture by the multiple value, and outputs the output image 1 6 after 
conversion to memory by the multiple value for every pixel. The initial self-luminous color 
extract section 1 1 stores the chromaticity-coordinate value in the working-level month memory 
14 in search of the highest pixel of possibility of being the self-luminous color, in the former 
image 15. 

[0010] The Lagrange method-of-undetermined-multipliers operation part 12 draws the 
conversion parameter for changing a former image into the thing under the predetermined light 
source based on the self-luminous color chromaticity-coordinate value of the specified 
predetermined light source, an initial self-luminous color chromaticity-coordinate value, and the 
chromaticity-coordinate value of each pixel of the former image 15, and stores it in the position 
of the working-level month memory 14. A conversion parameter is a model parameter of the 
chromatic adaptation model of the vision included in the color APIARENSU model. On the 
occasion of derivation of this conversion parameter, the technique of performance-index 
minimization under the constraint using the Lagrange method of undetermined multipliers is used. 
It mentions later in detail. 

[00"! 1] The former image transformation section 13 changes the former image 15 according to 
the drawn conversion parameter, and outputs the output image 1 6. The working-level month 
memory 14 is a storage region for storing the self-luminous color chromaticity-coordinate value 
of the specified predetermined light source, the chromaticity-coordinate value of the initial self- 
luminous color extracted from the former image, and the drawn conversion parameter. 
[0012] Actuation is explained about the gestalt of the first operation. In the initial self-luminous 
color extract section 11, out of the former image 15, the highest pixel of the same possibility as 
the self-luminous color, i.e., the color of the light source at the time of photography, is looked 
for, and the chromaticity-coordinate value is stored in the working-level month memory 14. In 
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search of the pixel which has the greatest brightness in the former image in an XYZ color 
system as a candidate of the self-luminous* color, it considers as the initial self-luminous color. 
Here, as a chromaticity-coordinate value, it is a vector in an XYZ color system. (X, Y, Z) It uses. 
[0013] In addition, when it expresses a color, it is an RGB system of color representation. (R, G, 
B) Although usually used well, the XYZ expression by the XYZ color system is also well used 
from the convenience on count. (R, G, B) from — (X, Y, Z) The matrix operation of the following 
formula (1) can perform conversion. 

;ooi4] 

.Equation 1] 



2.7689 
1 
0 



1.7517 
4.5907 
0.0565 



1.1302 
0.0601 









G 




B 



(1) 



[0015] In the initial self-luminous color extract section 11, the information about the light source 
of a former image is extracted in approximation as the initial self-luminous color. It shall receive, 
the information about the predetermined light source of a conversion place shall be given by 
assignment from the outside, such as a keyboard and a mouse, and the XYZ coordinate value of 
the self-luminous color corresponding to this assignment shall be stored in the predetermined 
field of working-level month memory. 

[0016] The Lagrange method-of-undetermined-multipliers operation part 12 derives the 
conversion parameter for changing a former image into the thing under the predetermined light 
source based on the chromaticity-coordinate value of each pixel of the predetermined light 
source self-luminous color data stored in the working-level month memory 14, former image 
self-luminous color data, and a former image, and stores it in the position of the working-level 
month memory 14. 

[0017] Now, this conversion parameter is drawn as follows. The chromatic adaptation model of 
the vision included in the color APIARENSU model is used for conversion in the image under the 
predetermined light source. This is explained briefly below. In this model, the chromatic 
adaptation transformation matrix M of the following formulas (2) describes the chromatic 
adaptation of human beings vision. 
[0018] 
[Equation 2] 

0.74A L + 0.26% l32k L -1.32% - 0.15/c L -0.05A M +0.2k s ~ 
0.14A L -0.14% 0.26* L +0.74% -0.03^+0.03% 
0 0 k$ 



(2) 



[0019] kl_, kM, and kS It is a conversion parameter in connection with human being's vision 
property. There is a function to adjust sensibility accommodative also to a color in human being's 
vision, like the adaptation to luminosity (example: in darkness, from the condition that the 
neighborhood cannot be clearly seen at first, an eye gets used gradually and it comes to be 
visible) over brightness. That is, since the colors of the light source differ when an object with 
the same object color is observed under the two different light sources, although the spectrum 
of the light which reflects on an object front face and goes into human being's eyes itself 
changes, it has the function called chromatic adaptation to adjust sensibility in the direction 
which cancels change of the color of the light source, and to enable it to perceive the original 
color of an object constantly. 

[0020] the self-luminous color XYZ coordinate value of the two different light sources A and the 
light source B — respectively — (XAW, YAW, ZAW) ** (XBW, YBW, ZBW) ** — when it carries 
out, the following formula (3) is considered. 
;0021] 
.Equation 3] 

V 

(3) 



A w 






yB 


= Af 




7 B 




2\ 
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_t)022] Eiy solving three simultaneous equations? obtained from this, they are kL, kM, and kS. 1 
set of value is decided, this — kL, kM, and kS It can be said that the place which the matrix M 
substituted and acquired means expresses the signs of sensibility change of the vision of a 
result that visual chromatic adaptation happened when the light source changed from the light 
source A to the light source B. Therefore, the chromaticity-coordinate value which human being 
perceives the same object color by the chromatic adaptation to the light source B from the light 
source A can be acquired by giving Matrix M to the chromaticity-coordinate value of the object 
color under the light source A. In changing a former image into the thing under the 
predetermined light source, in this invention, it carries out using the matrix M of a formula (2). 
Thereby, a near conversion result can be obtained depending on how to see human being. 
[0023] Conversion parameters kL, kM, and kS for changing a former image into the thing under 
the predetermined light source in the Lagrange method-of-undetermined-multipliers operation 
part 12 based on the chromaticity-coordinate value of each pixel of the predetermined light 
source self-luminous color data stored in the working-level month memory 14, former image 
self-luminous color data, and a former image It derives and stores in the position of the working- 
level month memory 14. kL, kM, and kS Derivation is performed by [ as being the following ]. 
[0024] the initial self-luminous color data of a former image, and predetermined light source self- 
luminous color data — respectively — (XW, YW, ZW) ** (X*W, Y*W, Z*W) ** — if it carries out 
(XW, YW, ZW) from — (X*W, Y*W, Z*W) Matrix M is searched for from the simultaneous 
equations obtained as a following equation (4). kL, kM, and kS It will be obtained if it substitutes 
for an equation (2). 
0025] 

Equation 4] 

• (4) 



X w 




x w 


r. 


= w 




A 




Z w 



[0026] It corrects. (XW, YW, ZW) Not the chromaticity XYZ coordinate value of the pixel of 
brightness max extracted from the former image by the initial self-luminous color extract section 
1 1 itself but the value of Y of XYZ (X*W, Y*W, Z*W) It normalizes so that it may become the 
same. That is, XYZ coordinate value extracted by the initial self-luminous color extract section 
1 1 (XI, YI, ZD If it carries out, it is count of the following formula (5). (XW, YW, ZW) It asks. 
[0027] 

[Equation 5] 

X w = k Xj ' (5) 
Y w = kY { 
Z„ = k-Zj 

[0028] This is the constraint of making brightness the same by the light source and the 
predetermined light source of a former image (the value of Y corresponds to brightness by the 
XYZ color system). 

[0029] However, the right-hand side of a formula (4) (XW, YW, ZW) It extracts in approximation, 
and with the self-luminous color of the actual light source of a former image, since it is possible 
that it is also widely different, a right conversion result may not be obtained by conversion by 
the matrix M searched for from a formula (4). Then, Matrix M is searched for as a solution of the 
optimization problem with a constraint using Lagrange's method of undetermined multipliers as 
follows, a performance index is first depended on Matrix M (XW, YW, ZW) from — (X*W, Y*W, 
Z*W) The following formula showing a conversion error f ** — it carries out. 
[0030] 

[Equation 6] 
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[0031] (XW, YW, ZW) If it is the true self-luminous color of the actual light source of a former 
image f Although the matrix M of a wish is acquired by minimizing (XW, YW, ZW) Since it extracts 
in approximation and the error is included, it is f. A mistaken conversion result may be brought in 
procession M acquired as a result of minimizing as it is., 

[0032] It is the following formula based on the information included in a former image in order to 
ease this (7). C It prepares as a constraint. 
[0033] 
[Equation 7] 

C = Xr-£{(0a4A l -0.14Atf)*+^^^ • ( 7 ) 

[0034] X, Y, and Z in this formula (7) are the chromaticity-coordinate value of the pixel of a 
former image, sigma means that the sum about all pixels is taken. Since the 2nd sigma is the 
values of Y after conversion by M of the chromaticity-coordinate value of the pixel of a former 
image and it is the difference of this and total of the value of Y before conversion, the semantics 
of putting this C into a constraint means that brightness of a former image is made the same 
before and after conversion by Matrix M. This constraint C They are kl_, kM, kS, and mu so that 
F of the following formula (8) made with the 4th parameter mu may be made into min as a 
performance index which can be set. It asks. 
[0035] 
[Equation 8] 

F(k L .k M .k s .)i)= f(k Lt k M ,k s )-[!i C(k L ,kM.ks) • (8 ) 

[0036] Here, F is made into min. kL, kM, kS, and mu It is F in order to ask. kL, kM, kS, and mu A 
partial differential is carried out about each. 0 Four set equations are solved as simultaneous 
equations. 
[0037] 

[Equation 9] 
dF _ df dC 
dk L dk L ^dk L 

dF = df ac 
a* s a* s 3*s 

[0038] The four above-mentioned equations (9) kL, kM, kS, and mu It becomes the related 
simultaneous equation. 

[0039] It is as follows when this is calculated. 
[0040] 

[Equation 10] 
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i QAp+ 2B1 1 )k L + (2M- AZ+2BX ■ B2)k u + (2A1 • AiflBi BS)k s + 2A ■ A4+2B1 . S4 
^=(2AA^2a-H2)/c^ • (10) 

-|^ = (2>U A3+2B1 -£3)/c L -f(2;i2 /8+2B2 B3)k M + (2i43 2 +2B3 2 +2a%+2i43. B4+2C1-C5 



3f 
3A„ 



= 0 



[0041] However, [0042] 

[Equation 1 1] 

M = -Q.UX W - 1 32Y W A- 0. 1 SZ W 

AZ = -0.26X„, + 1 .32y„ + 0.05 Z w 

A3 = -0.2Z W 

SI « -0.14X W - 0.261^ + 0.03Z W 
B2 = 014X^-0.74^ - 0.03Z„ 

Cl = -Z w 
C2 = Z* W 



(1 1) 



[0043] It comes out. 
[0044] 

[Equation 12] 

dC 

dk L : 

dC 

dC 
dk s ' 



=-R2 
= 0 



^=-*3 • (12) 



[0045] However, the total number of pixels of an image S It carries out and is [0046]. 
[Equation 13] 

R2= l^(ai4^+O.26y-0.03Z) ' (13) 
£3 = y ^ (-0.14* + 0.747 + 0.03Z) 

[0047] It comes out. 

[0048] If these are substituted and it arranges further, said four simultaneous equations can be 

written like the following equation (14). 

[0049] 

Equation 14] 



all a!2 al3 al4 

all aO.2 a23 a24 

a31 a32 a33 a34 

a41 a42 a43 a44 









b\ 








52 








i>3 








64 



(1 4) 



[0050] Here, it is a coefficient matrix. a1 1~a44 And constant column vector b1-b4 It is the 
constant calculated as follows from the chromaticity-coordinate value of each pixel of 
predetermined light source self-luminous color data, the initial self-luminous color data of a 
former image, and a former image. 
[0051] 
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[Equation 15] 

aU=2Al 2 +2B! 2 

al2 = 2Al A2+2B1B2 . q g ^ 
al3=>2Al- A3+2B1B3 



[0052] 

[Equation 16] 

a2l = 2AlA2+2BlB2 
a22^2A2 2 +2A2 1 
a2S = 2A2AS+2B2Bi 
224= JQ 



[0053] 

[Equation 17] 

a31 = 2>U. A5+2B1-B3 
a32 = 2A2 y«+252 S3 
a33 = 2A3 2 + 2B3 2 +2Cl 2 
a34=0 



[0054] 

[Equation 18] 



a41 = JQ 
a42 = /B 
a43=0 
a44 = 0 



(1 8) 



[0055] 

[Equation 19] 

bl = -2M-M-2Bl'B4 
bl = -2A2 M-2B2 B4 
te = -2B3-B4-2CL C5 



[0056] After all the processing performed by the Lagrange method-of-undetermined-multipliers 
operation part 12 Predetermined light source self-luminous color data and former image self- 
luminous color data which are stored in the working-level month memory 14, And based on the 
chromaticity-coordinate value of each pixel of the former image 15, it is the matrix of an 
equation (14). a11-a44 And vector b1-b4 It calculates and simultaneous equations are solved. 
kL, kM, kS, and mu It asks and stores in the position of the working-level month memory 14. The 
former image transformation section 13 is the drawn parameter. kL, kM, and kS Using the 
substituted transformation matrix M, the chromaticity-coordinate value of each pixel of a former 
image is changed, and an output image is generated. 

[0057] The processing flow of the color picture inverter of the gestalt of the first operation is 
shown in drawing 2 . Step S201 In search of the pixel to which brightness becomes max from a 
former image by the initial self-luminous color extract section 1 1 (the value of Y of XYZ 
becomes max), it extracts as the initial self-luminous color first, and the XYZ coordinate value is 
stored in the predetermined field of the working-level month memory 14. Next, at step S202, it is 
a conversion parameter by the Lagrange method-of-undetermined-multipliers operation part 12. 
kL, kM, and kS It draws and stores in the predetermined field of the working-level month memory 
14. At step S203, it is a conversion parameter by the former image transformation section 13 to 
the last. kL, kM, and kS It is based, a former image is changed and an output image is generated. 
In addition, these processings may be memorized as a program of a computer. 
[0058] As explained above, the highest pixel of possibility of being the self-luminous color 
according to the color picture inverter of the gestalt of the first operation is extracted from a 
former image, it considers as the initial self-luminous color, and a conversion parameter with 
which the performance index at the time of applying this initial self-luminous color and the 
predetermined light source self-luminous color to a visual chromatic adaptation model becomes 
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mirVis drawn, and a former image is change^ into the thing under the predetermined light source 
based on this conversion parameter. Since it carries out by setting up a constraint based on the 
information which can obtain a near conversion result depending on how to see human being 
since conversion based on the chromatic adaptation model of human being's vision is performed, 
and is acquired from a former image on the occasion of derivation of a conversion parameter, the 
optimum solution in within the limits of the information which can be acquired from a former 
image can be acquired, and an accurate conversion result can be obtained. 
[0059] The block diagram of the color picture inverter of the gestalt of the second operation is 
shown in drawin g 3 . Like the gestalt of the first operation, the former image 26 is changed into 
the thing under the predetermined light source, and the output image 27 after conversion is 
outputted. The initial self-luminous color extract section 21, the Lagrange method-of- 
undetermined-multipliers operation part 23, the former image transformation section 24, and the 
working-level month memory 25 are the same as the thing in the gestalt of the first operation. 
With the gestalt of the second operation, parts equipped with the self-luminous color 
composition section 22 differ. Moreover, the illuminant principal component data and color 
matching function data for performing processing in the self-luminous color composition section 
22 are beforehand stored in the predetermined field of the working-level month memory 25. 
[0060] Actuation is explained about the gestalt of the second operation. First, the light source 
principal component data beforehand stored in the working-level month memory 25 are 
explained. About measurement of a color, it is together put in origin by physical quantity called 
the spectral energy distribution of light. That is, if the energy distribution for every wavelength of 
the light which has given the color is known, it is turned out what kind of color it is. Although the 
same is said of the color of the light source and drawin g 1 0 shows the spectral distribution of 
the seven light sources, the situations of distribution differ by each. An axis of abscissa is 
wavelength. 

[0061] Although it is spectral-distribution data with which modalities differ in each, it can be 
extracted when there is main fluctuation which lurks in common with seven variates (spectral- 
distribution data) by giving the statistical method called principal component analysis to this. As 
a result of performing principal component analysis to seven upper spectral-distribution data, 
three principal components shown in drawin g 1 1 are extracted, the first principal component is 
the most typical fluctuation common to fluctuation of seven variates of a basis, and fluctuation 
with the second principal component typical to the second and the third principal component are 
typical to the third — it changes and it can be said that it comes out. After the fourth principal 
component, since the contribution to seven fluctuation of a basis is low, it has ignored. 
[0062] This first, The second, It is each about distribution of the third principal component. c1 
(lambda), c2 (lambda), and c3 (lambda) If it carries out (lambda: wavelength), the arbitration light 
source which has spectral distribution equipped with the property of the seven light sources of a 
basis like a formula (20) by the three sums with weight is compoundable. 
[0063] 

[Equation 20] 

M&> 8 iM-<*ft)+W2 •<*(&)+ w 3 cgtft) • (2 0) 

[0064] Light source principal component data obtained by principal component analysis with the 
gestalt of the second operation c1 (lambda), c2 (lambda), and c3 (lambda) It stores in working- 
level month memory beforehand. c1 (lambda), c2 (lambda), and c3 (lambda) What is necessary is 
to choose some typical things not only of the seven light sources shown in the previous example 
as an object of the principal component analysis for obtaining but the light sources which exist 
actually, and just to apply to it Moreover, it is also possible to take the fourth principal 
component or subsequent ones into consideration if needed. Below, they are three principal 
components. c1 (lambda), c2 (lambda), and c3 (lambda) It explains by the case where it uses. As 
an example of the light source principal component data beforehand stored in working-level 
month memory, as shown, for example in drawing 4 , the value of the second and third principal 
component is stored for a start to each wavelength taken discretely [ 5nm spacing etc. ]. 
[0065] spectral distribution L (lambda) it is — chromaticity-coordinate value of light (X, Y, Z) It 
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«arf askfcy count of the following formula (£1). ftere, k is a multiplier for normalization. 
[0066] 

[Equation 21] 
i 

Y=k^L(k)-yfr) ■ (2 1) 
x 

1 

[0067] 

[Equation 22] 
«X),ftX),z(X) . (2 2) 

[0068] Here, a formula (22) is called a color matching function and also stores this in working- 
level month memory beforehand. As shown in drawing 4 as a storing format of color matching 
function data, the value over each wavelength taken discretely [ 5nm spacing etc. ] is stored. 
[0069] The initial self-luminous color extract section 21 stores the chromaticity-coordinate 
value in the working-level month memory 25 in search of the pixel to which brightness becomes 
max out of a former image. The Lagrange method-of-undetermined-multipliers operation part 23 
derives a conversion parameter based on the chromaticity-coordinate value of each pixel of the 
predetermined light source self-luminous color data stored in the working-level month memory 
25, former image self-luminous color data, and a former image, and stores it in the position of 
the working-level month memory 25. The former image transformation section 24 changes the 
chromaticity-coordinate value of each pixel of a former image using the drawn conversion 
parameter, and generates an output image. Three processings are the same as that of the 
gestalt of the first operation above. With the gestalt of the second operation, the initial self- 
luminous color data of the former image stored in the working-level month memory 25 are 
updated by the self-luminous color composition section 22. 

[0070] It is light source principal component data about the light source which makes the 
nearest chromaticity-coordinate value the self-luminous color in the self-luminous color 
composition section 22 with the initial self-luminous color extracted from the former image. c1 
(lambda), c2 (lambda), and c3 (lambda) It compounds by the sum with weight and the initial self- 
luminous color extracted from the former image with the chromaticity-coordinate value of the 
synthetic self-luminous color is replaced. Spectral distribution of the synthetic light source Lc 
(lambda) A formula (20) is followed and it is weight. w1, w2, and w3 The initial self-luminous color 
and the self-luminous color which changed suitably, compounded and. were extracted from the 
former image become the nearest. Lc (lambda) It searches. Weight wl, w2, and w3 As the 
approach of modification, it is the min defined beforehand. - It is good also as changing each of 
three values at a fixed step within the limits of max etc. 

[0071] The processing flow of the self-luminous color composition section 22 is shown in 
drawing 5 . chromaticity-coordinate value of the initial self-luminous color extracted from the 
former image (XW, YW, ZW) The self-luminous color of the synthetic light source (Xc, Yc, Zc) 
(XW, YW, ZW) (Xc, Yc, Zc) The minimum value of distance and distance D and Dmin It carries 
out. the initial self-luminous color (XW, YW, ZW) The self-luminous color of the synthetic light 
source in case distance serves as min (xc, yc, zc) ** — it carries out. Weighting factor of the 
synthetic light source w1, w2, and w3 Combination of all the values at the time of changing each 
three by fixed unit width of face, if it attaches (XW, YW, ZW) (Xc, Yc, Zc) Processing which 
investigates distance is performed. 

[0072] First, Dmin is initialized to -one at step S501. Next, they are weighting factors w1, w2, 
and w3 at step S502. One group is decided. Next, it is current at step S503. w1, w2, and w3 It 
follows and they are the spectral distribution of the synthetic light source from a formula (20). 
Lc (lambda) It asks, next, the step S504 — Lc (lambda) from — a formula (21) — following — 
the self-luminous color of the synthetic light source (Xc, Yc, Zc) It asks, this time — 
normalization multiplier k ****** — value of Y YW It is decided that it becomes equal. Namely, 
formula (23) (Xc, Yc, Zc) It calculates. 
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[•0073] * 
[Equation 23] 

a- i 

Y-Y w 



[0074] Next, it is the initial self-luminous color at step S505. (XW, YW, ZW) Synthetic light 
source self-luminous color (Xc, Yc, Zc) Distance D is found. Distance D is calculated by the 
formula (24). 
[0075] 

[Equation 24] 

D=(X w -x c ) 2 +cr w -y c ) 2 +(z w -z c ) 2 - (2 4) 

[0076] next, the step S506 — Dmin -1 it is — or — or — D<Dmin the case where it is that 
either — step S507 — progressing — Dmin and — (xc, yc, zc) It updates. It is a weighting factor 
at step S508. w1, w2, and w3 If there is the following combination, it will return to step S502. w1, 
w2, and w3 It updates and same processing is performed. 

[0077] All w1, w2, and w3 Chromaticity-coordinate value of the initial self-luminous color which 
will progress to step S509 if combination is followed, and is stored in the working-level month 
memory 25 (xc, yc, zc) It updates. The self-luminous color coordinate value of the synthetic light 
source which has the initial self-luminous color extracted from the former image and the nearest 
self-luminous color by processing of the above self-luminous color composition section 22 is 
obtained. 

[0078] Processing of the self-luminous color composition section 22 has the role which amends 
the initial self-luminous color extracted by the initial self-luminous color extract section 21. The 
initial self-luminous color extracted by the initial self-luminous color extract section 21 (XW, YW, 
ZW) It is extracted from a viewpoint that brightness is max in a former image, and it is possible 
that it is also widely different with the original self-luminous color of the light source at the time 
of former image photography. Illuminant principal component data are used in the self-luminous 
color composition section 22. (XW, YW, ZW) Synthetic illuminant approximated best Lc (lambda) 
It asks and is the self-luminous color, (xc, yc, zc) An initial self-luminous color is updated. The 
synthetic light source Lc (lambda) It is the initial self-luminous color in the form where the 
property of the light source which is equipped with the description of the light source which 
exists actually, and exists actually was met. (XW, YW, ZW) The included error can be amended. 
[0079] The processing flow of the color picture inverter of the gestalt of the second operation is 
shown in drawing 6 . First, in search of the pixel to which brightness becomes max from a former 
image by the initial self-luminous color extract section 21 at step S601, it extracts as the initial 
self-luminous color, and the XYZ coordinate value is stored in the predetermined field of the 
working-level month memory 25. Next, at step S602, the self-luminous color composition section 
22 amends the initial self-luminous color, and the contents of the initial self-luminous color in 
the working-level month memory 25 are updated. 

[0080] Next, it is a conversion parameter by the Lagrange method-of-undetermined-multipliers 
operation part 23 at step S603. kL, kM, and kS It draws and stores in the predetermined field of 
the working-level month memory 25. To the last, it is a conversion parameter by the former 
image transformation section 24 at step S604. kL, kM, and kS It is based, a former image is 
changed and an output image is generated. Since subsequent processing is performed using the 
initial self-luminous color after amendment by the self-luminous color composition section, high 
conversion of precision is attained more. 

[0081] As explained above, according to the color picture inverter of the gestalt of the second 
operation Extract the highest pixel of possibility of being the self-luminous color from a former 
image, and it considers as the initial self-luminous color. Furthermore amendment using 
composition of the light source of it is performed, a conversion parameter with which the 
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performance index at the time of applyirfg tfte initial self-luminous color and predetermined light 
source self-luminous color after this amendment to a visual chromatic adaptation model 
becomes min is drawn, and a former image is changed into the thing under the predetermined 
light source. Therefore, since conversion based on the chromatic adaptation model of human 
being's vision is performed, a near conversion result can be obtained depending on how to see 
human being. Since a conversion parameter is derived based on the self-luminous color which 
amended in accordance with the property of the actual light source, the high conversion result of 
precision can be obtained more. 

[0082] The block diagram of the color picture inverter of the gestalt of the third operation is 
shown in drawing 7 . First, Like the gestalt of the second operation, the former image 77 is 
changed into the thing under the predetermined light source, and the output image 78 after 
conversion is outputted. The initial self-luminous color extract section 71, the self-luminous 
color composition section 73, the Lagrange method-of-undetermined-multipliers operation part 
74, the former image transformation section 75, and the working-level month memory 76 are the 
same as the thing in the gestalt of the second operation. With the gestalt of the third operation, 
parts equipped with the conversion parameter derivation control section 72 differ. 
[0083] Actuation is explained about the gestalt of the third operation. To the former image self- 
luminous color data stored in the working-level month memory 76, the self-luminous color 
composition section 73 performs amendment using the synthetic illuminant by principal 
component data, and restores it in the working-level month memory 76 by using the self- 
luminous color after amendment as new former image self-luminous color data. The Lagrange 
method-of-undetermined-multipliers operation part 74 derives a conversion parameter based on 
the chromaticity-coordinate value of each pixel of the predetermined light source self-luminous 
color data stored in the working-level month memory 76, former image self-luminous color data, 
and a former image, and stores it in the predetermined field of the working-level month memory 
76. The conversion parameter derivation control section 72 controls actuation of both this 
processing section, and derives a conversion parameter. 

[0084] The conversion parameter derivation control section 72 repeats processing of the self- 
luminous color composition section 73 arid the Lagrange method-of-undetermined-multipliers 
operation part 74, is performing it, and derives a conversion parameter until it reaches the 
terminating condition defined beforehand. The processing flow is shown in drawing 8 . First, at 
step S801, the self-luminous color composition section 73 is processed, and the former image 
self-luminous color data stored in the working-level month memory 76 are updated. Next, at step 
S802, the Lagrange method-of-undetermined-multipliers operation part 74 is processed, and a 
conversion parameter is derived. Next, after updating the former image self-luminous color 
explained below at step S803, a terminating condition is judged at step S804, and if a terminating 
condition is not reached yet, the processing same to step S801 as return is repeated. It will end, 
if the terminating condition is reached at step S804. 

[0085] It is the predetermined light source self-luminous color by the matrix M of the formula (2) 
which substitutes for step S803 the conversion parameters kL, kM, and kS called for by the 
Lagrange method-of-undetermined-multipliers operation part 74 at step S802, and is obtained. 
W*= (X*w, Y*w, Z* w ) At the chromaticity-coordinate value mapped, it is the former image self- 
luminous color. W0 It updates. That is, it is obtained by the following formulas (25). (X'w, Y'w, Z'w) 
The new former image self-luminous color W1 It carries out and stores in the working-level 
month memory 76. 
;0086] 

"Equation 25] 



X w 








= AT' 




Z'w 







[0087] The semantics [ the former image self-luminous color by the formula (25) in step S803 ] 
of updating is as follows, the matrix M acquired by one processing of the Lagrange method-of- 
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undetermined-multipliers operation part°74^- WO from — W* it is a matrix showing perfect 
adaptation — ********** (the result of having given Matrix M to WO is not necessarily in 
agreement with W*) — WO It is an optimum solution at the time of assuming that it is the self- 
luminous color of a former image, and taking a constraint into consideration. Inverse 
transformation of this matrix M W* Chromaticity-coordinate value acquired by giving W1 In the 
model condition of a chromatic adaptation model which Matrix M expresses W* The pair of 
chromatic adaptation is accomplished (the result of having given Matrix M to W1 is in agreement 
with W*). 

[0088] this — W1 Processing of the Lagrange method-of-undetermined-multipliers operation 
part 74 of the two-times eye after replacing the initial self-luminous color of a former image W1 
The solution at the time of assuming that it is a former image self-luminous color is calculated. 
The same processing as the following is repeatedly performed until it reaches the terminating 
condition in step S804. As a terminating condition in step S804, they are steps S801 and S802. 
In the formula (25) in whether activation of processing exceeded the predetermined count of a 
repeat, and step S803 WO W1 It is possible whether distance is smaller than a predetermined 
threshold. 

[0089] Thus, the high conversion result of precision can be obtained more by repeating the 
Lagrange method of undetermined multipliers and deriving the conversion parameter, making the 
contents or the model condition before [ one ] being obtained as an optimum solution under a 
constraint reflect, and updating a former image self-luminous color. 

[00S0] The processing flow of the whole gestalt of the third operation is shown in drawing 9 . 
First, at step S901, in search of the pixel to which brightness becomes max from a former image 
by the initial self-luminous color extract section 71, it extracts as the initial self-luminous color, 
and the XYZ coordinate value is stored in the predetermined field of the working-level month 
memory 76. Next, it is a conversion parameter by the conversion parameter derivation control 
section 72 at step S902. kL, kM, and kS Derivation is stored in the predetermined field in the 
deed working-level month memory 76 (it is the processing explained by the flow of drawin g 8 ). 
To the last, it is a conversion parameter by the former image transformation section 75 at step 
S903. kL, kM, and kS It is based, a former image is changed and an output image is generated. 
[0091] As explained above, according to the color picture inverter of the gestalt of the third 
operation, the highest pixel of possibility of being the self-luminous color is extracted from a 
former image, it considers as the initial self-luminous color, a conversion parameter with which 
the performance index at the time of applying this initial self-luminous color and the 
predetermined light source self-luminous color to a visual chromatic adaptation model becomes 
min is drawn, and a former image is changed into the thing under the predetermined light source. 
Since conversion based on the chromatic adaptation model of human being's vision is performed, 
a near conversion result can be obtained depending on how to see human being. Moreover, the 
high conversion result of precision can be obtained more by repeating and applying the Lagrange 
method of undetermined multipliers, and deriving a conversion parameter. 
[0092] 

[Effect of the Invention] This invention extracts the highest pixel of possibility of being the self- 
luminous color from a former image, makes it the initial self-luminous color, draws a conversion 
parameter with which the performance index at the time of applying this initial self-luminous 
color and the predetermined light source self-luminous color to a visual chromatic adaptation 
mooel becomes min, and changes a former image into the thing under the predetermined light 
source based on this conversion parameter. 

[0093] Therefore, since it carries out by setting up a constraint based on the information which 
can obtain a near conversion result depending on how to see human being since conversion 
based on the chromatic adaptation model of human being's vision is performed, and is acquired 
from a former image on the occasion of derivation of a conversion parameter, the optimum 
solution in within the limits of the information which can be acquired from a former image can be 
acquired, and an accurate conversion result can be obtained. 
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* NOTICES* • * • 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawing 1 ] It is the block diagram of the color picture inverter of the gestalt of the first 
operation. 

[Drawing 2] The processing flow of the color picture inverter of the gestalt of the first operation 
is shown. 

[Drawing 3] It is the block diagram of the color picture inverter of the gestalt of the second 
operation. 

[Drawing 4] An example of the light source principal component data beforehand stored in 
working-level month memory is shown. 

[Drawin£5l The processing flow of the self-luminous color composition section is shown. 
[Drawing 6] The processing flow of the color picture inverter of the gestalt of the second 
operation is shown. 

[Drawing_7] It is the block diagram of the color picture inverter of the gestalt of the third 
operation. 

[Drawing 8! The processing flow about the Lagrange method-of-undetermined-multipliers 
operation part is shown. 

[Drawing_9! The processing flow of the whole gestalt of the third operation is shown. 
[ Drawing 10! The example of the spectral distribution of the seven light sources is shown. 
[ Drawing 1 1] The example of three extracted principal components is shown. 
[Description of Notations] 

1 1 Initial Self-luminous Color Extract Section 

12 Lagrange Method-of-Undetermined-Multipliers Operation Part 

13 Former Image Transformation Section 

14 Working-level Month Memory 

22 Self-luminous Color Composition Section 
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ai4ft L -0.14Jr M 0i6t L +0.74Jt M 
0 0 



2001-245166 



[0012] »-<onifc©««fcos, »f^*Kwr 
w^«featBgpi it«, TtB^i 5©**^, 

u ^osfiffiwffisffisffl^ty 1 4 

fcttlfrfSo ^fe©<iffii:LT(4, XYZ&&3KIC43 
S 7cBfll(D* W 5 * *«po L SIM Jtt 

W&tth. lCT*«, feStt«fii:tTttXYzafe 
*-eo^h^/ (X.Y.Z) *ffl^S. 
[0 0 1 3] fe£«tl§£, RGBSfiSTO 

(R.c.B) 35ca«j:<ffl^5ft«^ §t»±©ii5£J; y X 

YZlH5ft-e0XYZft9t«J:<JSt'&ft«. (R.C.B) 
*>e> (X.Y.Z) ^0*»4*0S (l) OffWWIfcJ: 

[00 14] 
[ftl] 

X] [2.7689 1.7517 1.1302] 

y = 1 4.5907 0.0601 • G • ( 1 ) 

Z 0 0.0565 '. 





'R 




C 




B_ 



M-- 



[0015] mm&mwi 1 x*&7im&<r>%mz 
i-rsiWB*, wwtiiftfc bTifitttwicatfi-r*. » 

LT, £«ft©8r£^fcH*Stil«tt, *-#-F* 
v$x&£fl&j&»&0Ji£K:J:»)4a.5ft, 

Mist s itm&o x y z iiiiiw^ ^ u ©ms© 
ffi«t«tt*ft5t©t-r5. 
[ooi6] 7y7>^i*««sfcttflw»i 2 a, 

Hffl^'J 1 4Ctt«$ftTl^3fS7t*Jtiifir-^ 
*<ttf7cB»*Sfer-*, fc<fctf7cB<£0&BII©fe 

t5/cJ6©^^^-^^«abutsffl^^'j 1 4© 

[0 0 17] *T, C0Sft><7*-*tt*©«k$fcl, 

-7£7U>X*TM:fi*i4*ftT^58JI©fclB{& 
tfWIlf^. WTcftfco^TflU&fcRWf*. C 
©*r;VT*tt, ttT©S (2) ©ftJBj&g*fr5»JMK:.fc 

[0 0 18] 

[&2] 
15*! -0.05A M +0.2A S ~ 
-0.03ti+a03* M • (2) 



coo 1 9] ki,k..k s &Amo&n&mcMt>%m 

,\7*-*tX'hZ>o AWOlUtttt, WSSfctttSW 

wjbjs en : Hgft< *) <o* T*afij«a y < a* 
i^e,^s(cg^iinTHA§<t9(c^oT^<) tra 

SffiT*K»LTAIH©BfcA*ft©X'<* h/l/gftttg 50 



^iflJ^SS^BBS LTW*»©7t*«ft*11iltWt»lt 
ft*S<fc9(c-f3, fe)i(St»ftfftS«fil*«*4. 

[0 0 2 0] 2 0©g&SftigAfc<fctf)figB©7frIgfeX 
YZSIMftlfft (x\.Y\,Z\), (X'.^-.Z'.) 
fcLitfcf, ^©^ (3) 

[002 1] 

[83] 



(4) 









Y B W 


= M 




2\ 




zK 



(3) 



[0 0 2 2] Cft«fc»)1l&nS30©afi£8£*IB< 
CfcfcJ:*), ki,k,,ks cDf(tf-ffii*S§ 0 CO ki.ki. 

ftot, )tiiAOTT'Ot)ftfe©fejejiS{fitcWLTf7 

*<a*So *«wt?tt, 7cBfi^fiiT$7 1 ejgTTotot 

gfttSfcfcfc!), a (2) Off9>JM%ffl^Tff3. c 
tit * 0, ABOM^^t J: 0 jfi^a«ttS«*»S c t 

[0023] 7yv>^x*s*aasasapi 2T*a, 

* fe J; XfnM&ftM&T- tf7EMfcO&iIi3IO 

i 4oflfje©ttwc«<frr*. k L , k» , ks o*ai 

ttLXTOct^tLTtf^o 

[0 0 2 4] 7nH«©*]»IJfciB&T-*, feitfBf^jfc 
Pilfer-* tfc^Wf ft (X..Y..Z.), (xY,Y*.,Z 
'.) tt&t> (X..Y..Z.) fre- (X\.Y\,Z\) 'sOfr 
JUMfcl, (4) fc l/fl»6ft*14#SSfr&* 

46?»ns kt.k.,ks *a (2) izttxtmmtbnz, 

[00 2 5] 
[ft4] 



X w 












Z* iy 




Z w 



(4) 



[0 0 2 6] tctcL (X..Y..Z.) aSJffi^fettftigP 1 

i ti07cB»^5ttiBsnfcw«s«^:oH*oae 

XYZffiffitffi^O &©"<?«;&<, XYZOYOIIAMX' 
• , Y* . , Z* i ) t IB) Cfc&S cfc -5 KiEMft*ff ofefcOT' 

C = J.Y-^{(0.l4k L -ai4A M )Ar+(0.26/ri 



10 



20 



^2 0 0 1 -2 4 5 1 6 6 
6 

* XYZSttMtfc (X,,Y,,Z,) Utit. (5) O 

Wmcitt (X..Y..Z.) 
[0 0 2 7] 
[ft 5] 

*=>^ 
r, 

X„ = k Xj ■ (5) 

y w = * y, 

Zy, = kZ t 

[0 0 2 8] cftfi, ftH<i©ftiltm£ftiI£-em 

YOfflA^S?tM(S-rS) o 
[0 0 2 9] LfrL&tfe,^ (4) ©£22© (X..Y., 

z.) ttjeoiwKatfiLfefeo-e*?), nmmmmm 

T< 7^7>^xO*Sfliatt*ffllr^j*IJK*fff**0 

£\ WJM»CJ;S (Xf.Yf,Zi)*»6 (X'i.Y'i.Z'i) ^O 

SHWR»*IW'*oao f tts. 

[0 030] 
[ft6] 



(6) 











\2 


















Zw 





[oo3i] (Xi t Yi , Zi ) &7m&<Dmm<Dym<Dn<D 

MM#»6tl*jft (X.,Yi,Zt) ttjfiftlWfcttttlbfcfe 

[0032] cn«:«a-rsfc«)tc x 7na»t^$ns 

1WB*fefclc*oa (7) O C SftJKfcfrfcLTRtf 

[0 0 3 3] 
* C»7] 

+ 0.74ir M )r+(-O.03A l + a03A M )Z} • ( 7 ) 



[0 0 3 4] COS (7) WX, Y, Z ti^HfgcDii* 

wtz>n&%<D$, (8) ©F^a/Nc-r^jfc^t, 50 



kL,k«,ks, /x £*;Ri6£o 
[0 0 3 5] 
[ft8] 

[0 0 3 6] CCX\ ?%m'Mct% kukt,ks,/i ^& 
[0 0 3 7] 



(5) 



Wm 2 0 0 1 - 2 4 5 1 6 6 



[ISt9] 



dF 


_ df 


ac 


dk L 






dF 


3/ 


ac 


a*M 






dF 


_ a/ 


ac 






11 = 

Bk s 



= 0 



3n dn "a/tt 



a/ 



(9) 



* [0 0 3 8] ±IE4OC0S (9) « ki,k.,ks. ft tc§ 

[0 0 3 9] cn*WHt*i:WTOJ:9K4S. 
[0 0 4 0] 
[Si 0] 



-(ZAP+ZH^Ai+GAl /»2+2Bl J B2)A M +(241-43+2ffl B3)i s +2/1 44+231. B4 



(10) 



— =(2ifl-A&+2a-ffi)At+(2iC 2 +2itt 2 )k M +<2;©^ 
-|^ = (2<41 yC+2fl B3)fc l +(2/2 i43+2B2 B3)lt M +(2.43 z +2B3 2 +2a 2 )A5+2>B.A4+2B3 B4+2a.C5 

3A„ 



[0 0 4 1] fib 
[0 0 4 2] 
OKI l] 

41 = -0.74X W - 1 32Y W + a 1 SZ„ 
A2 = -0.26X w + 1 .32y w + 0.05 Z w 
Ai = -0.2Z W 

. M = X\ 

Bl = -0. 14X W - 0261^ + 0.03Z V 
B2 = ai4X w -a74y w -0.03Z (V 

Cl = -Z w 
C2 — 2 tv 

[0 0 4 3] TfeSc 
[0 0 4 4] 
C»l 2] 



20 



(1 1) 



3C 

dC 
3Aj 



:-J?2 



^=-JB ■ (12) 



[0 0 4 5] fflU H«to£BSKa* S fcL 
[0 0 4 6] 
[Si 3] 

/a=-^2] ( <a!4X-H)jz6y-o.03Z) • (13) 

/B = .l£(-O.U* +O.74Y+0.O3Z) 



30 



40 



[0 0 4 9] 

c»i 4] 

"all a!2 «13 a!4 

a21 a22 a23 a24 

a31 a32 a33 a34 

a41 a42 a43 





~v 




"bl" 








62 








A3 








M 



(14) 



[0 0 5 0] CCX\ fcWtmi all— a44 feitfSBM 

^ bi~b4 a, mfeKmytu&T-z, nm&uo 

[0 0 5 1 ] 
[Si 5] 

all = 2Al 2 +2ffl 2 
al2 = 2/U A2 + 2H1-B2 
al3°2AlA3+2fil-S3 
a!4 = /?2 

[0 0 5 2] 
[Si 6] 



(15) 



a21 = 2Al-A2+2Bl.B2 
a22 = 2A2 2 +2A2 1 
a23 = 2/12 -A3 + 252 -S3 
a24=/Q 



(16) 



[0 0 5 3] 

[Si 7] 



a31 = 2yU-A3+2«53 
fl32 = 2A2 A3+2B2 03 
a33 = 2A3 2 + 2B3 1 +2Cl 2 
a34=0 



(1 7) 



[0 0 4 7] T'&3 0 [0 0 5 4] 

[0 0 4 8] Cft&*ftALTS6fcWrr*fc. huI2 [Si 8] 
4 OOli»aatt*©a ( 1 4 ) © £ -5 fc»tt« 0 50 



(6) 

9 

a41=JB 

a42 = /B . (lg) 

a43=0 

a44=0 

[00 5 5] 
[Wil 9] 

61 = -2A1- A4-2B1B4 

i2 = -2A2-A4-2B2B4 , ,j 9 > 

fiJ = -2B3-B4-2Cl CS 

M = H 

10 

tO 0 5 6] ttl, 7y7>5>x*£S»ffiSW»l 2 

%M%M&t- #fc<fc TcBfiftigfeT- £ , 43 J: t>*7c 
Mil 5©fcHsK©6fig«ffi*fci:fc, 3(14)© 
fT9J all~a44 feitf"** h;U bl~b4 ^D-gLTlit 
#es$*l8^T kL,k.,ks,/x £*J6T, ftUffl^D 
l 4©ffij£©ti»K:«lllWS. 7cB«g«i*l 3fi, * 

20 

[0 0 5 7] 02 fc, ^-cO*lcO)BSco*7-iiifi^ 
HfillOffl97n-*^f 0 Xr-y^S201 T*$f, $ 

5 (X Y Z CD Y ©ffitf «*K4S)H**« LT«WB3t* 
ftfcLTfflfflU *©XYZffi«M*fl5*ffl**!J 1 4 
©^©flHWcflMfrTS. #KXr-y 7°S202T% 
^x*j£Saffi»JMBi 2lcJ:9£&/47;(-* ki, 

k.,ks ^waiLT, mus^u 1 4©m^ots*t« 

ffrtSo g^tXr-y 7^203T*t4, jflHiS&g&l 3tC 
J: 1 ?, ki.k..ks tSo"^T7t;iaft^l 30 

Vfc!a-*©:/n?7AfcLTl2«2nT«>J:l\ > 
[0 0 5 8] a±BMHLfc±5KS-OH«©«fiO* 

{£ ; &T;Hcl^>/-cS^t7'9(DT-AP^©1.^73fC<k ») 40 

ft*&£LTfir5©T*, 7cH«.J:»)f§3«:£©tli*3lB 
&©85BfiT*©«ig$£»Sc:£tftH*, **fi©&^$ 
£&Jg£#Sci:tfib*S 0 

[0059] m~<D^m<r>Bm<Dtiy-mim^m<D 

/)B{fe2 7%ffi73tSo Mra&Mi^ I, 7^7 
>5>x*S§MKiWIW2 3, tcH«8?«!»2 4, m 50 



88J2 00 l -2 4 5 l 6 6 
10 

ffl^^'J 2 5 «£-©£«©»!&?© *>©i: El U-efc 

mm**,, $ft^nffl^^u2 5©m^©^k:, 

[0 0 6 0] SZ©S)56©^l(cot v »^*8iW-r 

So $1*, vmfattv 2 sfcfee,^ u»««bTfe< 

frfrtofrSo )E«l©fiK-3l>Tt)W*1?*t), 01 Ott 

7o©^©»7t^^^Lrc€>©-efes*\ ^-n^tx 

[0061] Jtn^nKfiBBOSftS^^r-^T* 

tfffi^So ±©7 0©#3t»fliT-*K»LT±J(R»# 
«f%fTofc««, 01 1 t^-T3-3©±«»jW4ttJ*n 

So s-±js»ttt» tt©7o©st©siiK«]i-r 

t^^utfrffi^So Sgra±jS5m»ttfci:©7o©g 

Kfcwt s^^^frfsi w$m LTf'So 

[0 0 6 2] <:©»-. SB- *H±*#©#***tl 

fftcdicd^d) fc-rstCA 30 

©fi*f**»K<J:oT\ S (2 0) ©<t9t; fcfc©7 
o©3l«©1«*||jtft»«»**»offittH[**jjl 
tSCtfri±i*So 

[006 3] 

[&20] 

MW="l«i(W+w 2 c 2 (X)+w3^a) • (20) 

[0 0 6 4] %-<D%m<Dm.T'lZ, ±tftftftmc&r3 
xnZtiTzffl&JlLWr-* ci(A).ct(A).ci(A) % 
^ffly*'JfCfe6fri:i61SttLT*i<. c,(A),c 
• ( A ), C 3 ( A ) *ff 5fca©±sKa#*r©»fti: LTtt 

$fe©»ijtc^L/-c7o©7tjg{ciiet\ mmcft&tzyt 

#.fcAnsci:t,pjHgT'feSo UT?tt30©±j£# c 
,(A),o(A),o(A) *ffl^S«^T*^LTVKo ft 

Hffl * ^& 'J {c h 6 fr s n* )t«±s»r - 2 © 

-ffltLTIi, ^Jx.tf0 4{C/Txtcfc^(C, 5nmF B 1Pgi5: 
ir©*»«fcmofcfc»gfctt*S!B-.g!-.iB=±jK 

^©fi^^tSo 

[0 0 6 5] ^^fr L( A ) T**5)t©fea*«M 
(X.Y.Z) tt*©S (2 1) ©ltST'*46SCi:fraj* 
So CCT\ kttiE«fk©fc»©«aT**-5. 



(7) 

11 

[00 6 6] 
CS2 1] 

i 

v-i^KM-KM • (2 1) 
x 



[006 7] 
[§!2 2] 

naxjaizo.) • (22) 10 

[0068]CCT\^(22) ti*feBB*f:i9tfn5 

t 49tc, 5 n mHM&£0*tWWc©ofc£S«fc» 
[0 0 6-9] fflffiftK&ttttS>2 1 14, 7cS«©**^ 

SP 2 3t4, ff«ffl>»ty 2 5fc^*ftTtS6J»EJiai 

±3o©fflat4^-onsico^straaiT**5o »ro 

[0 0 7 0] 2 2T*t4, 7cB«fr6«lfflL 

fcisow^fetefejfi^feg^ffl^^igfefrsitig 30 

#2I±(£#t-* c,(A),c 2 (A),C3(A) <Dfi#(* 
JHIO»)tt»* Lc(A) ttj£ (2 0) tttl\ 1* wi, 

fefc#sfttf«fejfi<ft* l«(a) mto m& w,. 

[00 7 1] 2 2«l7D-?:15(Ci 40 

(X. . Y. , Z. ) , £j*}ISIi©}fclSfe* (Xc.Yc.ZcX (Xi.Yi, 
Z. ) i: (X< , Y, , L) ©ffiStfe 4 tf&£4)ft/jMi&% D, D 
.i. fcU SJWJtSife (X..Y..Z.) fcOEfctffc/hfcft 
StfO^Jtig©»fe* (xc,y t ,Zc) fc-T^o • 
ftM<Dtfr%%. wi.w 2 ,w 3 lc-D^Tf4> 30^tl€n?: 

ICO^T (X..Y..Z.) (X. ,Yc,Z, ) OSggi^ffl^SM 

[0 0 7 2] $t\ Xr-y^S501T'D.„ £-HC#Mtrt 50 



1#M2 0 0 1 -2 4 516 6 
12 

5 0 Xry7'S502t ! l#$Sw,,w 2 ,W3 £>H£l 
O$J63 0 XT-y7S503T*, StfiE© w.,w z ,W3 tc 
foTS (2 0) *»)£jSftS0#ft#fli L(A) 
463„ *t, Xr-y7 P S504T\ L ( A) (2 1) 

fcttoTft»HM>jHMa (Xc.Yc.Zc) 
£tIEJii'b«& k fcLT«4, VOftf Y. i:^L<&3 
49ti*J6So S (2 3) <Dlo\C (Xc.Yc, 

Z.) £tW*$. 

[00 7 3] 

[82 3] 

A- >* 

I KM -W 
jr-*iiw.K» . (23) 

Z=Jr£«X)iO.) 

[0 0 7 4] Xr>y 7S505T*, WftftM& (X..Y 
.,Z.) £&J*3tiHtB& (XcYcZc) tcDS6§|D^5t<46 
So EgtDt4^ (2 4) KiOtWf *. 

[00 7 5] 

[82 4] 

0 = (x w - x c ) J y c > J +(z w - z c ) 2 • (24) 

[0 0 7 6] %.lC*7-y7S506T:\ D.i. -1 T'&3 
fr£fct4 D<D,i„ ^Ot^-fn^T-fe2>il-&(4XT-y/S 
507lCjt#, D.in fc4tf (xc.yc.zc) ©Hfr£fT9„ X 
T>y7S508T*l#&IS( w,,w 2 ,w 3 ©^Ofift^toW* 
ftfcf. ffcXr-y ^S502lcloT w..wz,W3 *MSrb 

[0 0 7 7] ±X<D ©&&fc-&£0<^T?Tc 
fc%e.{fXT-yys509{cji*, fFUffl^'J 2 5 tc^M 
«nTl^5SlW3K«feoefi««fl% (xc.yc.zc) VJS. 
titi. «_h©3l£SfeSj£»2 2cD®il(c4t), 7eB<§ 

[0 0 7 8] 2 KDimii. ttffiftg&tt 

jtiBfe (x. , y. , z. ) ttTtmmas^TWz t 

c03tii©**cD^iife f: *^nTl>5 c 1 1 W 0 if 

(x. . y. . & ) < jfi«-r zs&ytm l, c a ) 

«6T*OJtiSfe (xc.yc.zc) T*1SI]W^Sfe?rSSr-r5o 
^J«Jfe« L(A) t4SS6»c#ft-r 5 JEiR©1*a%liitfc 

T'WW7tif.fe (X..Y..Z.) ©#/u-e^5«M*}iEtS 

[0079] %-<onM<DBm<M37-Mimm%im<r> 

Sag7D-^16(c^-r,, St", Xr-y^S601T*SJW)t 
iifetttf)gP2 1 tiOTcKfR^^WSSA^KftSii 



r '< • 

(8) 

13 

mmmw) 2 smjzvmmcmtz. *t, x 

r -y 7S602T\ ftif 2 2£J: f ) fflJWJfeSfeOH 

JE*m\ ffUffl^tu 2 5rt©Mf]7frffe©ft§£~€ 

• [0 0 8 0] &fc, Xr-y7°S603T\ 7^*5>->*x*^ 
*»S»W»2 3E«fcUg«j/<7*-* ki.ki.ki 
iJBLT, ffl^'J 2 5©Bfi£0«*fc«tfl*5o » 
Xr-y 7°S604T\ 7cHfl^K«2 4 fc=t 0, X8t 

/*7*-* kL,k.,ks tel^TTCHttfcgSIU ffl7J 

[oo8i] ummLrc&^c m-<o%m<o&mv> 

t ^MJR*7cBi«3^ StttfJ UT«J«B3Kgfe USB 

fcaTtt»ft«ftOlrtiBHWWi/Mcft* ±5 ftg«/< 
7^-^*«tilLT, SM£m'£ftiiTT'© i S>©K:g 

tJt^$si*ff?©-eAiaioa**tJ:*)jfiii^gMes 

Jt Lft Jt«ft*7ct« lft/<7 * - * ©»tB£ff 5 ©T\ 

[0082] %Eoy£mmm<D±i7-mimwim(D 

tB^Jilj«7 8£JtiyTtl>o MMfe«lfflS57 1, ftjg 
££(£957 3, 7^7^x*S«aa«»»7 4, te 
■flK8»»7 5, ftUffl^O 7 6tt, S-©H)i©« 30 

[0 0 8 3] gHOSIffl(0JB«K-Q*, 
§o %Bfi£jftS7 3Ci, ft»IM*'J7 6fctttt*ft 
T^STcB&ftigfer-^tCttU ±J*#r-*"c«J:S 

St. 5^5>s;x*3aHRffiWWI!7 4tt, f^lffl^ 

7cSff7ti^feT-^> fcJ;t>"7cil^©§ii*©feg|$« 40 
fCttaKfflft/^^-^tllfflUftJIfli^tU 7 6© 

[0 0 8 4] ffl&<7*-#»fflWMP7 2tt, &Bfr 
U»3£»ft»7*fttat«*-P. #iffe£jSS7 3fe 

LfsoTW&'^t-ZK^&tZ* ^©$!UI7ci-£ 
BSfcaVr. Sf\ XTy7S80IT*«#"Rfe£l*8l"7 3 
0ftS*fft\ fWffl^-t'J 7 6Ktt««nT^«7ca 50 
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8il»feT-*©S*r*fT3. *t, Xr-y 7"S802T\ 

1 57cl«3tSfe©J|*frS^i%ff ofcli, Xf -y 7S804 
TH7&ft£*i]5gU S«»7*ft«caLTt^»*ntf 

041?»7*ftlcaUTlf^nB»7t*. 
[0 0 8 5] Xr-y T'SSOSTii, ZrV/SmX*??? 

*-*k.b,fa*ftAl/CfS&ftSS (2) ©ffJUMfc 
AoTBr^JtaStaSft W'=(X'.,Y'.,Z*.) '\fc5H*ft 
5feSS*fi-e, 7cB«)tiife Wo £M$rt3o tftfc 

■s, «t©s (25) Ti#e»n§ (x'.,r.,r.) *, 
mit %7tm{mm& w. t l t ftsn * * u 7 e kma 

[0 0 8 6] 
[§(2 5] 















2'ir 







[0 0 8 7] Xr >y7"S803T'©, S (2 5) tc«kS7cH 
ft^®fe©MSr©^tttt*©a *) X'&% e 7 9v yVs. 

*i^m£m%i 4©-iHi©5aatc<koTt#?>ni l ff 

5>JM(i, W. fr5> t ^©£±fcliJS£*tfTylJ£&o 
T^*fcttlB6*^ (lo Kff5>M*fll L fcttHa* W* 
tilt &ftv") 1i\ Wo *"HB*©3fcSftfcfi 

, tt, ff5>i«©*-rfeIPJS€-r;l/© ; er;H«^fc4i5^T 
W* i€aWS©»*jRtfeO-P*5 (W, ttTWI*«L/ 
^iSfttt w* t-Srrs) o 

[0 0 8 8] d© W, -pTcBflloaiWJtiife*!*** 
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